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DISPLACEMENT DETECTOR 



(57) A magnetic sensor having a simple structure 
and high accuracy for detecting a linear or angular dis- 
placement thereof. A magnetic plate with tapered thick- 
ness is magnetized in a direction perpendicular to its 
surface. A magnetic sensor is arranged so that it can 



move in the direction of the taper of the plate thickness. 
A drive mechanism for this magnetic sensor is movable 
with an object to be detected, and the output of the mag- 
netic sensor indicates the displacement 
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Description 
TECHNICAL FIELD 

[0001] This invention relates to a detector for 
detecting a mechanical displacement such as a linear 
displacement or a rotation angle, and. more particularly 
to, a detector of this kind of detector utilizing magnet- 
ism. 

BACKGROUND ART 

[0002] There exists a mechanical detector for 
detecting a mechanical displacement. In the mechani- 
cal detector, the whole parts from a moving part which 
moves corresponding to an object to be detected to a 
displaying member as a pointer are connected to each 
other by mechanical parts. However, this kind of 
mechanical means is complex in structure, and lacks 
- durability because of an abrasion of the inner mecha- 
nisms due to their use. Thus, a non-mechanical dis- 
placement detector, such as an optical type detector, an 
electrical type detector and a magnetic type detector, 
has been used. 

[0003] In the optical type detector, a light emitting 
element and a light receiving element are disposed so 
as to face each other, and a circular plate having a slit is 
disposed between the light emitting element and the 
light receiving element so that the circular plate can 
rotate. A displacement is converted into pulse signals 
generated by the rotation of the circular plate to count 
the number of the pulse signals which represent a dis- 
placement amount. However, since users wish to set 
the relationship between one pulse interval and the dis- 
placement amount, it is required to prepare various cir- 
cular plates each having a slit to cope with various 
requirements of such users, which does not meet a 
mass production. 

[0004] The electric type detector includes an elec- 
trostatic type detector and a potentiometer type detec- 
tor. The electrostatic type detector is,, in a word, a kind 
of variable capacitor which requires an operation for bal- 
ancing an alternating-current bridge. Thus, the electro- 
static type detector is not practical. On the other hand, 
in the potentiometer type detector, since the influence 
due to an abrasion of a sliding resistance is larger than 
the influence due to an abrasion in a pure mechanical 
device, the potentiometer type detector is unstable and 
lacks durability. 

[0005] In the magnetical type detector, a distance 
between a pole of a permanent magnetic (magnet) and 
a magnetic sensor is changed(, and) the linear range of 
the relationship between the displacement and the out- 
put of the magnetic sensor is narrow. For example, in a 
case where an output of the magnetic sensor is 
obtained by rotating a magnet in accordance with a dis- 
placement, the output varies in forms of a sine curve. 
Therefore, the measuring range is limited within ±45? 



range if the linear range of the sine curve is utilized. 
DISCLOSURE OF THE INVENTION 

5 [0006] The present invention belongs particularly to 
a non-mechanical displacement detector utilizing mag- 
. netism among the aforementioned non-mechanical type 
detectors. The present invention is to provide a dis- 
placement detector which solves problems of the afore- 

10 mentioned conventional devices and has characteristics 
that the displacement detector is simple, stable and 
endurable, and can output whichever signals, including 
analog and/or digital signals. 

[0007] According to the present invention, a mag- 
15 netic plate having a thickness which changes along a 
single line in accordance with the distance from one end 
of the magnetic plate, i.e., a magnetic plate with tapered 
thickness, is magnetized in a direction of its thickness. A 
magnetic sensor is disposed near the surface of the 

20 magnetic plate so that it can move relative to the mag- 
netic plate in the tapered direction of the plate thickness 
while keeping a constant distance therebetween, to 
detect the magnetic field strength on the surface of the 
magnetic plate. A drive mechanism for conducting the 

25 aforementioned relative movement of the magnetic sen- 
sor and the magnetic plate is set such that the drive 
mechanism moves in accordance with the movement of 
an object to be detected. The magnetic sensor outputs 
a displacement detect signal. 

30 [0008] The aforementioned "single line" used in the 
sentence, "a magnetic plate having a thickness which 
changes along a single line in accordance with the dis- 
tance from one end of the magnetic plate," denotes a 
straight or circular line. The aforementioned "relative 

35 movement of the magnetic sensor and the magnetic 
plate in the tapered direction of the plate thickness" 
denotes a linear displacement or a rotational displace- 
ment along the aforementioned line. 
[0009] Furthermore, a correction means for correct- 

40 ing a change of magnetic force and output of the mag- 
netic sensor due to temperature change is provided in 
the aforementioned device. This means includes a tem- 
perature correction means for conducting temperature 
correction by comparing an output of one or a plurality 

45 of magnetic sensors fixed to the magnetic plate with a 
reference value or utilizing a relationship between the 
outputs, a temperature correction means for conducting 
a temperature correction by utilizing an output of a mag- 
netic sensor disposed so as to touch a magnet disposed 

so apart from the magnetic plate, and a temperature cor- 
rection means for conducting a temperature correction 
by utilizing an output of the magnetic sensor, which is 
movable relative to the magnetic plate, at a predeter- 
mined position. 

55 • 
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BRIEF EXPLANATION OF THE DRAWINGS 
[0010] 

Fig. 1 shows an embodiment of the present inven- 5 
tioh, wherein Fig. 1 (A) is a whole view, Fig. 1 (B) is a 
cross-sectional view of a magnetic plate, and Fig. 
1 (C) is a side view showing a different structure of a 
magnetic plate. 

Fig. 2 is an explanatory view showing a method for io 

magnetizing a magnetic plate. 

Fig. 3 is an example of a graph showing a magnetic 

field strength distribution on a surface of a magnetic 

plate. 

Fig. 4 is a perspective view showing an embodi- 15 

ment for detecting an angular displacement 

Rg. 5 is a graph showing a surface magnetic field 

strength of a circular magnetic plate. 

Fig. 6 is a perspective view showing another 

embodiment of a correction method against a tern- - 20 

perature change. 

Rg. 7 is a circuit diagram of one example of a circuit 
used in the present invention. 
Fig. 8 is a block diagram of a modified embodiment 
of a device according to the present invention. 25 
Fig. 9 is a flow chart showing an operation of the 
aforementioned modified embodiment 

PREFERRED EMBODIMENTS FOR CARRYING OUT - 
THE INVENTION so 

[001 1 ] In Fig. 1 , the reference numeral 1 denotes a 
magnetic plate whose thickness decreases linearly from 
the left end towards the right end to have a tapered 
lower surface. This magnetic plate 1 is magnetized 35 
evenly as shown by arrows in Fig. 1 . The magnetic plate 
1 may be made of magnetic alloy, ferrite or magnetic 
plastic. In order to magnetize the magnetic plate, as 
shown in Fig. 2, for example, a magnetic plate 1 to be 
magnetized and a supplement magnetic plate C having 40 
the same taper and the same magnetic characteristic as 
, those of the magnetic plate 1 are coupled so as to com- 
pensate their thickness and disposed between the mag- 
netic poles N, S of a magnetizing device so as not form 
a gap therebetween. By magnetizing the magnetic 45 
plates having the same characteristic and the same 
configuration while coupling to each other so as to com- 
pensate their thickness, every portion of the coupled 
plates is evenly magnetized, and the magnetized status 
will be maintained even after the detachment of these so 
magnetic plates. The supplement magnetic plate C 
magnetized as in the magnetic plate 1 may also be used 
in a displacement detector. Besides the above, in a case 
where plastic magnetic materials are molded to form a 
predetermined configuration, by applying a magnetic 55 
field from outside the metal mold, the materials are 
magnetized and a molecular orientation will occur. 
Therefore, after detaching the molded article from the 



mold, the molded article may be used as it is. If the 
molded article is magnetized again, an even magnetiza- 
tion is achieved without using a supplementary mag- 
netic plate in a gap because the molecules are 
orientated. By instantaneously magnetizing a magnetic 
plate by using a magnetizing coil with a hollow core by 
passing a high-current through the magnetizing coil, a 
magnetic plate can be magnetized evenly without cou- 
pling it to a supplemental magnetic plate or a magnetic 
materials having the same configuration as the mag- 
netic plate. The magnetic plate 1 may be formed by 
adhering an evenly magnetized magnetic plate V hav- 
ing a constant thickness onto a tapered magnetic plate 
1". The reference numeral 2 denotes a slide for support- 
ing the magnetic plate 1 , and is made of non-magnetic 
materials. A spacer 3 of no n- magnetic materials is 
placed between the magnetic plate 1 and the slide 2 so 
that the upper surface of the magnetic plate 1 becomes 
parallel to the slide 2. The slide 2 is disposed on a base 
- plate 4 which also guides the slide 2 so that it slidably 
moves rightward and leftward. Provided at the right end 
of the base plate 4 is an actuator 5 which abuts against 
an object to be detected its displacement. The actuator 
5 is pushed rightward by a spring 6 provided at the left 
end of the base plate 4. The reference numeral 7 
denotes a magnetic sensor made of a Hall element. The 
magnetic sensor 7 is disposed adjacent to the magnetic 
plate 1 so as not to move relative to the base plate 4. 
The magnetic sensor 7 detects the magnetic field 
strength on the upper surface of the magnetic plate 1. 
The output of the sensor 7 depending on the magnetic 
field strength represents a displacement amount of the 
object to be detected. 

[0012] In the present invention, the reason why the 
magnetic field strength on the surface of the magnetic 
plate with a gradually changed thickness changes 
depending on the thickness of each portion of the mag- 
netic plate, is considered as follows. Fig. 1 (B) shows a 
cross sectional view of the magnetic plate 1 . The mag- 
netic field strength above the magnetic plate will be con- 
sidered in a case where the upper surface and lower 
surface are magnetized as N pole and S pole, respec- 
tively, as shown in Fig. 1(B). In this case, the magnetic 
field strength H is represented by an overlap of the mag- 
netic field Hn generated by the magnetic charges on the 
upper surface and the magnetic field Hs opposite to the 
magnetic field Hn. Since Hs and Hn are opposite in 
direction, H is represented by H=Hn-Hs . H is weaker 
than Hn obtained by disposing a long magnetic member 
below the lower surface so as to move the lower mag- 
netic charges in the far-off distance. Since this self- 
demagnetization effect becomes stronger as the thick- 
ness of the magnetic plate 1 becomes thinner, it may be 
considered that the magnetic field strength above the 
magnetic plate 1 decreases from the right end towards 
the left end in Fig. 1 (A). Our experiment revealed that 
the decrease of the magnetic field strength is practically 
considered to be linear as shown in Fig. 3. In the 
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present invention, by utilizing the above-mentioned fact, 
the magnetic sensor 7 is moved above the magnetic 
plate 1 relative to the magnetic plate 1 , to thereby detect 
the amount of movement in accordance with . the 
detected magnetic field strength. In the embodiment 
shown in Fig. 1 , the magnetic plate 1 is moved because 
the fixation of the magnetic sensor 7 has structural 
advantages since the magnetic sensor 7 is to be con- 
nected to an amplifier, a correction circuit and the like. 
The whole device shown in Fig. 1 is stored in a case 
made of magnetic materials. This case becomes a part 
of magnetic circuit through which the magnetic field 
generated by the magnetic plate 1 passes. However, the 
main effects of this case is to cut off an outer magnetic 
field. Needless to say, in a case where there is no effect 
of the outer magnetic field, the case may be made of 
non-magnetic materials. - - 

[0013] In Fig. 1 , the reference numerals 8, 9 and 10 
denote Hall elements of magnetic sensor for tempera- 
ture correction; which is fixed on the lower surface of the 
magnetic plate 1. Each of the Hall elements detects the 
magnetic field strength generated by the magnetic plate 
at the respective positions. The outputs of the Hall ele- 
ments are inputted into the correction arithmetic circuit 
1 1 to correct the output of the magnetic sensor 7. This 
is to correct the magnetic field strength generated by 
the magnetic plate 1 which varies depending on the 
temperature. The magnetic field strength detected by 
the magnetic sensor 7 and that detected by the HaJI ele- 
ments change at the same rate. Therefore, the correc- 
tion can be performed by multiplying the average of the 
ratio of the output of the magnetic sensor 8, 9, 1 0 to the 
reference value previously set to each sensor by the 
output of the magnetic sensor 7. Alternatively, by using 
only both the magnetic sensors 8 and 10, the displace- 
ment may be represented by an output obtained by 
dividing the difference between the outputs of the mag- 
netic sensors 7 and 8 by the difference between the out- 
puts of the magnetic sensors 10 and 8. . 
[0014] The magnetic sensors 8, 9 and 10 can also 
be used for a correction in a case where the variation of 
the magnetic field strength on the magnetic plate 1 is 
not strictly linear. In this case, a function equation show- 
ing a distribution curve of the magnetic field strength on 
the surface of the magnetic plate 1 is obtained based on 
the outputs of the total of three magnetic sensors 8, 9 
and 10 or the total of five magnetic sensors,. the above 
three magnetic sensors and additional two magnetic 
sensors disposed therebetween, and saved in a mem- 
ory. Then, a positional data corresponding to the output 
of the magnetic sensor 7 can be obtained from the 
aforementioned function equation. The function equa- 
tion may be, for example, a cubic equation. In a case 
where a temperature correction is also performed, the 
aforementioned temperature corrected output of the 
magnetic sensor 7 is compared with the function equa- 
tion. In this embodiment, there are three magnetic sen- 
sors 8, 9, 10. However, a single magnetic sensor may 



be enough for the temperature correction. 
[0015] A correction of a non-linear change of the 
magnetic field strength may be performed, without 
using a plurality of magnetic sensors as mentioned 

5 above, by utilizing a function equation obtained by actu- 
ally measured surface magnetic field after the magneti- 
zation of the magnetic plate 1 and saved in a memory. 
Alternatively, such a correction may be performed by uti- 
lizing a correction function or a table prepared based on 

io a correction test of the displacement detector as a fin- 
ished product. 

[0016] Figs. 4(A) and 4(B) show embodiments of 
circular magnetic plates 1 . In these embodiments, a 
magnetic sensor 7 rotates relative to the magnetic plate 

15 1 about the center of the circle. The axis of rotation is 
connected to an axis of rotation of an object to be 
detected, to detect the angle or direction of rotation of 
the object. Especially, Fig. 4(B) shows an embodiment 
of a radially magnetized semi-circular magnetic sub- 

20 stance having a thickness changing in the radial direc- 
tion. If the complete circular shaped magnetic plate 1 is 
formed by a single magnetic member for the purpose of 
covering the 360° detection range or the similar rangei 
both ends of the magnetic plate are closely disposed, 

25 causing a disordered magnetic field. Therefore, as 
shown in Rg. 4(C), it is preferable that two semi-circular 
magnetic plates are coupled each other. 
[0017] In the embodiment shown in Fig. 1 , the mag- 
netic plate 1 has a width of 6 mm, an effective length of 

30 20 mm, a thickness of the thinnest portion of 0.5 mm 
and a thickness of the thickest portion of 4.0 mm. The 
gap between the upper surface of the magnetic plate 1 
and the magnetic sensor 7 is 0.6 mm. Further, in a case 
of a magnetic plate 1 shown in Rg. 4A having an exter- 

35 nal diameter of 9 mm, an internal diameter of 2 mm, a 
thickness of the thinnest portion of 0.8 mm and a thick- 
ness of the thickest portion of 3.1 mm, the result of the 
surface magnetic field strength (gauss) after the mag- 
netization is shown in Rg. 5. A magnetic plate has a 

40 good repeatability of a relationship between a position 
on a surface of the magnetic plate and a magnetic field 
strength even in a ease of a linear-shaped or a circular- 
shaped magnetic plate. Accordingly, instead of linearly 
changing the taper of thickness, an appropriate non-Iin-. 

45 ear shape may be employed so that the surface mag- 
netic field strength linearly changes depending on a 
displacement along the surface of the magnetic field 
plate. 

[0018]- Fig. 6 shows a temperature correction 
so method different from the embodiment shown in Fig. 1 . 
In Fig. 6(A), magnets 1 2 and 13 are disposed beside the 
magnetic plate 1. The magnet 12 has the same height 
as the thickness at the thinnest portion of the magnetic 
plate 1 , and the magnet 13 has the same height as the 
55 thickness of the thickest portion of the magnetic plate 1 . 
Both the magnets 12 and 13 are integrally formed to 
have an L-shape as a whole, and magnetized evenly in 
the direction of height to have the same magnetic field 
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strength as that of the magnetic plate 1 . Magnetic sen- 
sors 14 and 15 are adhered on the lower surfaces of the 
magnets 12 and 13, respectively. Functionally, the mag- 
netic sensor 14 corresponds to the magnetic sensor 8 
shown in Fig. 1 , and the magnetic sensor 15 is the same 
as the magnetic sensor 10 shown in Fig. 1. In other 
words, the ratio of the output difference between the 
magnetic sensors .7 and 14 to the output difference 
between the magnetic sensors 15 and 14 corresponds 
to the displacement amount. 

[0019] Fig. 6(B) shows an embodiment including a 
magnetic plate 1 and a single magnet 16 to which a 
magnetic sensor 17 is adhered. The output of the mag- 
netic sensor 17 is compared with a reference value to 
obtain a ratio thereof, and the ratio is multiplied by the 
output of the magnetic sensor 7 to perform a correction 
against a temperature. 

[0020] A correction against a temperature can be 
performed by utilizing only a magnetic plate 1 and a 
"magnetic sensor 7 movable relative to the magnetic 
plate 1 . without utilizing the magnetic plate 1 and other 
magnet, or a magnetic sensor 7 and other magnetic 
sensor, in this case, the outputs of the magnetic sensor 
7 when the magnetic sensor is located at the thinnest 
portion of the magnetic plate 1 and the thickest portion 
thereof in Fig. 1 are saved, and the saved data are used 
similar to the output of the actuator 5 shown in Fig. 1. 
According to this method, the actuator 5 shown in Fig. 1 
is placed at the position ofzero displacement, and the 
output of the magnetic sensor 7 at that time is saved in 
a first memory means. Then, the actuator 5 is placed at 
the position of maximum displacement, and the output 
of the magnetic sensor 7 is saved in a second memory 
means. Thereafter, the actuator 5 is placed so as to 
touch an object to be detected, to obtain an output of the 
magnetic sensor 7. Then, these three data are inputted 
into an arithmetic circuit. Fig. 7 shows an embodiment 
of the circuit In this embodiment, an analog memory cir- 
cuit is used as each of two memory means. 
[0021] The switch S1 is closed when the actuator 5 
is located at the position of zero displacement. The ref- 
erence numeral S2 denotes a switch which is closed 
when the actuator 5 is located at the position of maxi- 
mum displacement The positions of the actuator are 
determined by stoppers against which a part of the 
actuator butts. The output of the magnetic sensor 7 is 
inputted into the analog memory circuit Ml or M2 via the 
switch S1 or S2, and the output of the magnetic sensor 
7 at the time of the opening of the switch S1 or S2 is 
stored in the analog memory circuit M1 or M2. The out- 
puts of the memory circuits M1 and M2 are inputted into 
a subtraction circuit Dl . The output of the circuit D1 is 
inputted into a divisor input terminal of a division circuit 
R, and the output of the magnetic sensor located at any 
position is inputted into a dividend input terminal of the 
division circuit R. A signal showing the position of the 
actuator 5 can be obtained from the division circuit R, 
and can be shown on a display I as a displacement. The 



division circuit has been provided as an IC. However, 
the circuit may be constituted such that the outputs of 
the subtraction circuits D1 and D2 are inputted into log- 
arithm conversion circuits each utilizing an exponential 
5 function characteristics of pn junction, respectively, the 
output of each logarithm conversion circuits is inputted 
into a third subtraction circuit, and the output of the third 
subtraction is reverse logarithmic transformed by a 
reverses logarithmic transformation circuit. The circuit 
10 shown in Fig. 7 can also be applied to the embodiments 
shown in Figs. 1 or 6 by deleting the switches SI and S2 
and memory circuits M1 and M2 shown in Rg. 7 and 
directly inputting the output of the magnetic sensors 8 
and 1 0 (Rg. 1) or the output of the magnetic sensors 14 
is and 15 (Fig. 6) into the subtraction circuit D1 (the right 
side of the subtraction circuit D1 remains as it is). How- 
ever, a circuit processing the outputs of the magnetic 
sensors 7, 8, 9, 10, 14, 15 and 17 may be an analog 
type or a digital type. 

20 [0022] - In the meantime.-the correction against the 

temperature change may be performed by comparing 
the output of the magnetic sensor 7 (a magnetic sensor 
linked with the actuator 5) located not at specified plu- 
rality of positions of the magnetic plate 1 but at a speci- 
es fied single position of the magnetic plate 1 with a 
reference value to obtain a ratio, and multiplying the 
ratio by the output of the magnetic sensor located at any 
position. 

[0023] The correction- against a temperature 
30 change may be performed by utilizing temperature char- 
acteristics of a thermistor or a semi-conductor circuit 
element in the circuit processing the outputs of the mag- 
netic sensors 7, instead of utilizing the magnetic plate 1 
or a magnet showing the same temperature character- 
's istics as that of the magnetic plate 1 mentioned above. 

INDUSTRIAL APPLICABILITY 

[0024] Fig. 8 shows a block diagram showing the 

40 whole structure of a device in which the present inven- 
tion is applied to a rotational angle transmission device. 
In Fig. 8, P1 denotes a device according to the present 
invention. The device is of a type utilizing a circular 
magnetic plate 1 . The output of the device PI is a signal 

45 of an angular position corresponding to the output of the 
reverse logarithmic transformation circuit E of the circuit 
shown in Rg. 7. H denotes a handle by which the angu- 
lar position can be visually confirmed by the scale on 
the scale plate C. The signal of the angular position is 

so outputted from the device P1 . The device P2 is the 
same as the device P1. In this case, the device P2 is 
connected to the pole of the antenna AT, and a signal of 
rotation angle of the pole is outputted from the device 
P2. This embodiment is intended to adjust the direction 

55 of the outdoor antenna from indoor. The pole of the 
antenna AT is driven by a pulse motor M. G denotes a 
reduction gear which transmits the rotation of the pulse 
motor M to the antenna pole at a reduced speed. The 
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outputs of the devices P1 and P2 are inputted into the 
CPU via the A/D converters AD1 and AD2. The CPU 
compares these two inputs, and then outputs a driving 
pulse to the pulse motor M so that the output of the con- 
verter AD2 becomes equal to the output of the con- 
verter AD1. 

[0025] The operation of the CPU 8 will be explained 
with reference to the flow chart shown in Fig. 9. The 
CPU reads and saves the output of the converter AD1 
(a). Next, the CPU reads and saves the output of the 
converter AD2 (b). Next, it is judged whether the differ- 
ence between the two stored data is zero 
( AD1 -AD2=0? ) (c). If the difference is not 0 (NO in Step 
(c)), the routine proceeds to (d), and it is judged whether 
(AD1-AD2) is larger than zero ((AD1-AD2)>0?). If YES, 
one positive rotation pulse is outputted to a motor M (e), 
and the routine returns to the step (c). If the operations 
(c)(d)(e)(c)... are performed in a cyclic manner, the 
motor M rotates in a positive direction, until the equation 
(AD1-AD2)=0 at the step ot(c) is satisfied (i.e. , YES)," 
and the operation returns to Step (a) via steps (f)(g). If 
NO in step (d), a reverse pulse is outputted, and an 
operation similar to the above is conducted. By these 
operations, the antenna AT rotates by the same angle 
as the rotational angle of the handle H in accordance 
with the rotation of the handle H. 

[0026] This device includes the same displacement 
detectors at the input side of the displacement and the 
driven-side, and therefore has a feature that the rela- 
tionship between the displacement and the output of the 
magnetic sensor 7 is not required to be linear. Further- 
more, this device does not require a temperature cor- 
rection means if there is no temperature difference 
between the input side and the driven side. This device 
may be a rotation type or a linear type as shown in Fig. 
1. A structure utilizing the same displacement detectors 
at the input side and the driven side can be suitably 
applied to a manipulator or the like. 
[0027] The aforementioned embodiments may be 
further simplified. In the simplified structure, the dis- 
placement detector P2 at the load side may be omitted, 
and the antenna AT may be directly connected to an 
axis of the gear G. A counter function is added to the 
CPU so that it counts the number of pulses given to the 
motor by adding the positive rotation pulses given to the 
motor M and subtracting the reverse rotation pulses 
given to the motor M, and the CPU saves the counted 
value. The CPU outputs driving pulses to the motor M 
so that the saved counted value coincides with the out- 
put of the AD converter AD1 . 

[0028] The present invention can also be applied to 
special usages other than the aforementioned usages. 
For example, the rotational displacement detector as 
shown in Fig. 4 may be used as a rotary encoder for 
inputting digitalized numerical signals of outputs. Since 
the device according to the present invention has an 
excellent angular resolution, it can easily obtain numeral 
signals having a digit number that is larger than a con- 



ventional mechanical or optical type rotary encoder. 
[0029] Since the displacement detector according 
to the present invention has the structure mentioned 
above, the number of the structural parts is small, the 

5 device can be made at a low price. Furthermore, the 
device has less moving parts and the movement is sim- 
ple. Therefore, there is no fear of an abrasion which 
occurs in a mechanical type, which results in a durable 
device. The device can detect a broad displacement 

w including a linear displacement and an angular dis- 
placement, and can withstand a rough usage because 
of its impact-resistance. In addition, the device is simple 
in structure and light in weight, and can be small-sized. 

is Claims 

1. A displacement detector, comprising: 

•a magnetic plate having a thickness which 

20 changes in a direction of length of the magnetic 

plate, the magnetic plate being magnetized in 
its thickness direction; 

a magnetic sensor disposed near a surface of 
the magnetic plate so as to be movable in 
accordance with an object to be detected its 
displacement relative to the magnetic plate in 
the direction of length of the magnetic plate 
while keeping a constant distance therebe- 
tween; and 

a drive mechanism for allowing a relative move- 
ment between the magnetic sensor and the 
magnetic plate, wherein the magnetic sensor 
outputs a detected signal corresponding to the 
displacement of the object 

2. A displacement detector, comprising: 

a ring-shaped magnetic plate having a thick- 
ness which changes in a direction of the cir- 
cumference of the magnetic plate, the 
magnetic plate being magnetized in its thick- 
ness direction; 

a magnetic sensor disposed near the surface 
of the magnetic plate so as to be movable in 
accordance with an object to be detected its 
rotational displacement relative to the magnetic 
plate in the direction of the circumference of the 
magnetic plate while keeping a constant dis- 
tance therebetween; and 
a drive mechanism for allowing a relative move- 
ment between the magnetic sensor and the 
« magnetic plate, wherein the magnetic plate is 
set such. that the drive mechanism moves in 
accordance with the movement of an object to 
be detected its rotational displacement, 
wherein the magnetic sensor outputs a 
detected signal corresponding to the rotational 
displacement of the object 
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3. The displacement detector as recited in claim 1 or 
2, further comprising one or a plurality of magnetic . 
sensors fixed to the surface of the magnetic plate, 
and an arithmetic circuit which calculates for a tem- 
perature correction against the output of the mag- 5 
netic sensor which is displaced relative to the 
magnetic plate and outputs a displacement 
detected signal, by utilizing the outputs of the mag- 
netic sensor. 

10 

4. The displacement detector as recited in claim 1 or 
2, further comprising one or a plurality of magnets 
disposed at any desired position apart from the 
magnetic plate and a magnetic sensor disposed 
near the magnet, wherein a temperature correction 15 
against the output of the magnetic sensor movable 
relative to the magnetic plate is performed by the 
output of the magnetic sensor. 

5. The" displacement detector as recited in claim 4, 20 
wherein two magnets are disposed apart from the 
magnetic plate, one of them having the same thick- 
ness as a thickness of the thinnest portion of the 
magnetic plate, the other having the same thick- 
ness as a thickness of the thickest portion of the 25 
magnetic plate, wherein two magnetic sensors are 
disposed so as to contact these magnets respec- 
tively, and wherein the displacement signal is given 

as a ratio of a difference between the outputs. of the 
two magnetic sensors to a difference between the 30 
output of one of the two magnetic sensors and the 
output of the magnetic sensor which is displaced 
relative to the magnetic plate. 



6. The displacement detector as recited in claim 4, 35 
wherein the magnetic sensor is disposed so as to 
contact one of the magnets disposed at any desired 
position apart from the magnetic plate, wherein a 
temperature correction value against the output of 
the magnetic sensor movable relative to the mag- 40 
netic plate is obtained by comparing the output of 
the magnetic sensor with a reference value. 

7. The displacement detector as recited in claim 1 or 

2, further comprising a memory for storing an out- 45 
put signal of the magnetic sensor movable relative 
to the magnetic plate at a specified one or a plural- 
ity of positions, and an arithmetic circuit for convert- 
ing the output of the magnetic sensor at any desired 
position into a displacement value corresponding to 50 
the position by utilizing data stored in the memory 
and a displacement value corresponding to the pre- 
viously specified position of the magnetic sensor. 



7 



EP 1 099 929 A1 




a 



EP 1 099 929 A1 



2 



4 




N 




S 



r 
c 

' 3 




9 



EP 1 099 929 A1 




1* 



EP 1 099 929 A1 




12 



EP 1 099 929 A1 




EP 1 099 929 A1 




EP 1 099 929 A1 



a 



ADi 


OUTPUT 
MEMORY 


1 


AD* 


OUTPUT 
MEMORY 




f 

JL 



STOP 

PULSE OUTPUT 



CLEAR 
ADI and AD2 



OUTPUT 
POSITIVE 
ROTATION 
PULSE 



I 



OUTPUT 

REVERSE 

PULSE 



J 



FIG. 9 



15 



EP 1 099 929 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 

PCT/JP99/03778 


A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI* G01B7/00, G01D5/18, G01D5/245 




According to uitcmalionaJ Palent Classification (IPC) or to both national classification a 


mdlPC 


B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI* G01B7/00, G01D5/18, G01D5/245 



Documentation searched other than minimum documentation to the extent thai such documents are included in the fields searched 
Jitsuyo Shinan Koho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-1999 

Kokai Jitsuyo Shinan Koho 197i-1999 Jitsuyo Shinan Toroku Koho 1996-1999 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where a pp ro p r i ate, of the relevant passages 



Relevant to claim No. 



JP, 10-122807, A 
15 May, 1998 (15, 
Fig. 2 (Family: 



( Nippon 
05. 98) 
none ) 



Seiki Co., Ltd. ) 



JP, 6-66508, A (Philips Electronics N.V.), 

8 March, 1994 (08. 03. 94 ) f 

Par. Nos. [0024 ], [0025] ; Fig. 11 

& US f 5300883, A £ DE, 69310820, C 



1-7 



1-7 



j^J Further documents are listed in the continuation of Box C [ j See patent family annex. 



* Special categories of cited documents: 

"A" document defining the general i»te of the an which is not 

considered to be of particular relevance 
"E" earlier document but published cm or after the international filing date 
■ L* document which may throw doubts on priority cuitnfs) or which is 

cited to establish the publication date of another citation or Other 

special reason (as specified) 
"O* document referring to ao oral disclosure, use. exhibition or other 

means 

"P' document published prior to the international filing date but bier than 
the priority date claimed 



later document published alter the international filing date or priority 
dale and not in conflict with the application but cited to understand 
the principle or theory twderiying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is uken alone 

t of particular relevance: the claimed invention cannot be 
i to involve an inventive step wben tbc docum en t is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Y* document c 



Date of the actual completion of the international search 
26 July, 1999 (26. 07. 99) 


Date of mailing of the international search report 

3 August, 1999 (03. 08. 99) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCTASA/210 (second sheet) (July 1992) 



16 



